Abstract. Based on a large number of physics simulation experiment data, mathematics relationship problems of the correlation of imbibition efficiency influence factors have been solved, and the correlation equation have been established. Field ML and field YT was chosen to represent the extra-low permeability field, Field JY and field QX was chosen to represent the ultra-low permeability field. The impact trend of imbibition efficiency with interfacial tension, emulsion stability, penetration force and viscosity has been found. A result has been found through the R factor analysis by common factor variance and coefficient of variation method, the impact order on imbibition efficiency of oil-wet core or oil sand is interfacial tension, emulsion stability, viscosity ratio and penetration force ratio. The four factors and three factors structural equation models have been established, and passed the model test. The impact of cross term is considered. This study has great significance in analyzing the factors affecting the imbibition efficiency.
Introduction
The Structural Equation Modeling (SEM) is a good method in science research. The SEM has been developed rapidly and covered the shortage of traditional statistical methods in 1980s, and it has become the important tool in multivariate data analysis [1] . The SEM can consider and handle several dependent variables simultaneously, and it permits that measurement errors existing in independent variables and dependent variables. Variables can be measured by several quotas. The differences of coefficient of correlation in latent variables between the results calculated by traditional methods and the SEM may be very large. The relationship between factors and title and the relationship between factors and factors can be considered simultaneously in SEM. It's difficult for traditional factorial analysis to handle a quota which is consist of several factors or to consider several more complicated subordinating models, such as high-order factor. Traditional analysis only can estimate the strength of the only one method. But in addition to the above mentioned, the SEM can calculate the fitting degree of difficult models to the same sample data, which can estimate the relationship between the model and data.
The SEM is a method to establish and to estimate and to check the causal relationship model. It not only contains some observable variables, but also contains some unobservable variables. The SEM can replace multiple regression, path analysis, factor analysis and covariance analysis. It can analyze the effect of single index to ensemble and the interrelation among single indexes clearly. The SEM can handle serval dependent variables at the same time and can compare and estimate different theoretical model differ from the traditional regression analysis. It also can set a specific factor structure and test its coincidence to the data differ from the traditional exploratory factor analysis. According to the structural equation analysis, we can see whether or not the relationship among variables in different groups is changeable and whether or not the factor's average has remarkable difference [2, 3] . This paper takes advantage of the structure equation model and settles the correlation of several between the efficiency of imbibition and the same dependent variables, and establishes correlation equation to clear the tendency of quantity that how every factor influence the efficiency of imbibition.
Mathematical Analysis and Software

Structure Equation Model
The structure equation analysis, which is also called structure equation model or matrix structure analysis, is a statistical method that is based on covariance matrix to analyze the relationship among variables [3] . The SEM has remarkable characteristics: (1) evaluating multidimensional and interactive relationships; (2) finding unobservable relationships among those relationships and explaining measure errors in evaluation; (3) reflecting the influence among elements in model; (4) embodying the information of elements and the influence of model.
The SEM can be divided into measurement equation and structure equation. Measurement equation is used to describe the relationship between latent variables and data. Structure equation is used to describe the relationship among latent variables.
X-Vector of exogenous index；y-Vector of endogenous index；∧x-The relationship between exogenous index and exogenous latent variable is the component matrix of exogenous index in exogenous latent variable; ∧y-The relationship between endogenous index and endogenous latent variables is the component matrix of endogenous index in endogenous latent variable; δ-Exogenous index X's error term；ε-Endogenous index y's error term.
(2) η-Endogenous latent variable; ξ-Exogenous latent variables; Β-The relationship among endogenous latent variables; Γ-Exogenous latent variable's influence on endogenous latent variable; ζ-Structure equation's residual term, it reflect η which cannot be explained in equation. ③ Analytical method Maximum likelihood, which is also called mental retardation and maximum likelihood estimation, is a theoretical point estimate method. This method's basic idea is that the most reasonable estimators of parameters will have a maximum probability of extracting those n sets of sample observation differ from the least squares when n sets of sample observations are extracted in the model randomly. The least square aims to match the estimators of parameters in sample data.
④ Statistical method in equation The SEM can be divided into measurement equation (The relationship between factor and index) and structure equation (the relationship among factors). The SEM is the regression analysis if each factor can be measured. The SEM is the factor analysis if we consider the correlation among factors rather than considering the causality among factors. The SEM is going to be confirmatory factor analysis if we want to check out the data to make sure whether or not it fits for some of the predefined empirical model. Also, we can use SEM to analyze some generic exploratory factor.
The SEM can be used to carry out t-test, variance analysis, regression analysis and exploratory factor. It can compare the different relationships of each factor in different groups and compare the difference of average in each group. And it fits for the interaction model, growth model and multilayer data model. The SEM can handle more complex sort of issue and its analysis result may be more suitable.
Path analysis includes three parts: path diagram, getting covariance based on path diagram or getting equation based on correlation coefficient and model parameter, effect resolution. We can analyze the magnitude and the direction of effect of independent variables on dependent variables and analyze the capacity of explanation when we take advantage of the path analysis. It also can be used to predict [2, 3] .
Analysis Software Selection
Stata is an integrative software which can provide data analysis, data management and professional charts. It has so many functions which include linear mixture model, equilibrium repetition and polynomial model. Structure equation analysis in this part will be analyzed by the structure equation software package of state.
Confirmatory Factor Analysis
Confirmatory factor analysis：In structure equation analysis, we call this sort of analysis as confirmatory factor analysis if we focus on the correlation among factors rather than the causal effect among factors.
Step of confirmatory factor analysis：There are three steps include data input, model construction and output.
(1)Making sure the quantity of factor in model in advance; (2)Making sure the affiliation between variable and factor in advance; (3)Variables are only loaded on its own subordinated dependent factors. The load without the subordinate factors is equal to zero.
Experimental Method and Material
Experimental Material
We choose the oilfield ML and oilfield YT as the representative extra-low permeability reservoir and choose the oilfield JY and oilfield QX as the representative ultra-low permeability reservoir. We get the oil and simulated formation water from each oilfield. The properties of oil and water are shown in table 1. Each index of experiment is measured at the formation temperature. The core we use in experiment is natural reservoir core and outcrop core. Its size is 10×2.5cm. Contact angle testing uses the quartz plate which is disposed to be oil wet. The chemical reagents which are produced by Sinopharm Chemical Reagent Co., Ltd are analytical reagent. Mahogany petroleum sulfonate which is produced by Shengli oilfield and DaQing Refining & Chemical Company is used in this experiment. And other surfactant is commercial product. 
Experimental Apparatus and Method
Spinning Drop Interface tensionmeter (TEXAS 500, America) is used in interfacial tension test. The evaluation of wettability is refer to the industry standard of the determination of wettability of reservoir rocks (SY/T5153-1999). OCA20 video based contact angle measuring device (Dataphysics Company) is used to measure contact angle. Viscosity testing is measured by BROOKFIELD DV-II+Pro Viscometer (American Brookfield Company). The indexes of displacement efficient and emulsion stability are refer to the enterprise standard of technical specification of surfactant for binary drive (Q/SY1583-2013) [4] [5] . Emulsion stability is measured by emulsifying stability evaluation instrument (RHY-III or RHY-IV) which is invented by ourselves [6] . The displacement method is refer to the industry standard of performance testing method of compound driving system (SY/T6424-2000). Static imbibition is refer to national patented technology and is measured by atmospheric and pressurized imbibition instrument which are invented by ourselves [7] [8] . The oil sand is compounded by the size of 100-160 meshes of quartz sand and the proportion of oil and sand quality is 7:1. The oil sand must be aged at the formation temperature at least 1 week. The instrument we use to compound oil sand is a patent product designed by ourselves [9] . Imbibition efficient is refer to the patented technology of a quantitative evaluation method for the effect of seepage of absorbent oil [10] .
Result Analysis
Modeling
Analyzing the influence of four factors on imbibition efficient by using the SEM [11, 12] . Variable declaration: X1 represents the ratio of surfactant's seepage force to formation simulation water's seepage force (Fp solution/Fp water). X2 represents the emulsion stability (Ste). X3 represents the interfacial tension (γ). X4 represents the ratio of viscosity (μO/μw). Y represents the imbibition efficient (Rim).
Data declaration: There are 28 groups' experimental data with four factors in core. There are 60 groups' experimental data with these factors in core. There are 73 groups' experimental data with these factors in oil sand. The data totaled 153 groups.
Model assumption：Considering the cross terms, we analyze the three data together and ignore the last two groups data which are lack of X1. We assume the only one different control condition in each group data in the model. The each gen X5=X1*X2，gen X6=X1*X3，gen X7=X1*X4，gen X8=X2*X3，gen X9=X2*X4，gen X10=X3*X4 and X5-X10 are the cross coefficient. The result analysis shows that the data does not reject the model. But X1, X2, X3, X4 are not passing the significance test. The covariance estimation of X1X4, X2X4, X2X6, X2X9, X2X8, X3X8, X4X6, X9X4, X10X4, X8X10, X8X9 and X9X10 which are the cross term are passing the significant test when α=0.05. The reliability of interval estimation of the four influenced factors is 99.95%. So we can believe that those four factors distribute its own confidence intervals and the coefficients of point estimation is the mid-point of confidence intervals. Comparing the value of coefficients and its influence on imbibition efficiency:
The Outcome of Procedure
The first: X3 interfacial tension (0.4612) (50%) The Second: X2 emulsion stability (0.1909) (21%) The third: X4 viscosity ratio (0.1512) (16%) The fourth: X1 permeability ratio (0.1094) (12%) The average of permeability ratio does not pass the significance test. There may exist some errors on the permeability ration.
Analyzing the Influence of 3 Factors on Imbibition Efficiency by Using SEM
We assume that different environment (3 groups data) has direct influence on X1, X2, X3 and X4 and the influence will influence the cross term indirectly as shown in the figure 1. We also assume y has measuring error. Analyzing the influence of 3 factors on imbibition efficiency by using path analysis. We analyze X3 mainly and its direct effect is 0.5712 and its indirect effects are shown by the following four items.
X3 passed the influence of X8 on imbibition efficiency (passing the significance test) and its result is 0.3612.
X3 passed the influence of X10 on imbibition efficiency (passing the significance test) and its result is -0.7275.
X3 passed the influence of X8X10 on imbibition efficiency (passing the significance test) and its result is -0.015.
X3 passed the influence of X10X8 on imbibition efficiency (passing the significance test) and its result is 0.121.
Total effect = direct effect + indirect effect = 0.5721+0.3621-0.7275-0.015+0.121=0.32
The total effect of interfacial tension of X3 is 0.32 (42%). The total effect of emulsion stability of X2 is 0.26 (34%). The total effect of viscosity ratio of X4 is 0.19 (25%). The result is consistent with the analysis of 3 factors in the oil sand experiment.
Regression Analysis
(1) Using curve The result is that the value of the model's reliability is 93% and emulsion stability and viscosity ratio do not pass the significance test. But we cannot consider the value of emulsion stability and viscosity ratio are 0 and decide to keep it in the equation. (1) We have calculated the strength of influence of value of interfacial tension, emulsion stability and viscosity ratio on the imbibition efficiency of oil sand is consistent with its influence on core. The effect of interfacial tension is reinforced in oil sand experiment and the effect of viscosity ratio is weak.
(2) We have acknowledged the strength order of influence of 4 factors on imbibition efficiency by using variation coefficient method. The influence of interfacial tension on imbibition efficiency is similar to the influence of emulsion stability on imbibition efficiency, and these two factors have great influence on imbibition efficiency. The influence of permeability ratio on imbibition efficiency is similar to the influence of viscosity ratio on imbibition efficiency (the influence is medium). These four factors is the main influencing factors.
Equation model
Three factors model: 
